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(54) Sustained-release preparation 

(57) Disclosed is a sustained-release preparation 
comprising 1) a polymer of lactic acid having a weight- 
average molecular weight of about 25,000 to about 
60,000 and 2) a physiologically active substance, and 
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which releases the physiologically active substance 
over a period of at least about 5 months; the sustained- 
release preparation shows an almost continuous zero 
order release of the physiologically active substance 
over a period of as long as about 5 months. 
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Description 

BACKGROUND nc TMP INVENTION 

5 1 . FIELD OF THE INVENTION 

The present invent 
over a period of at least about 5 months. 

10 2. DESCRIPTION OF RELATED ART 

A mfcrosphere-type suetained-reiease prepa ration , - drug. ^^^^^^A 
JP-A 118512/1982 (EP-A ^10) 150609/^ 

is (EP-A 145240 and 201816/19B7 (EP-A 190833), («"»» d .... no mBt hod is described. In JP-A 321 622/1 992 

drog with good disparity and fJSS^^ 22" - a ^ titte ™ * 

E TSSSSSSS a weight-average molecubr weight rf 7,000 to 30,000 are descried, 
gl IMMARY OF THF INVENTION . ' 
The present invention relates 1o 

active substance over a period of at least about 5 months; 

p, the preparation according to the above (1). wherein the polymer o, .act* acid b obtained by hydrolyzing a 
polylactic acid produced by ring-opening polymerization; 

l^eprepa^a^^ 

(4) the preparation according to the above (1 ), wherein the poiymer o, lactic acid has a weight.verage mo.ecu.ar 
35 weight of about 30,000 to about 50,000; 

(5) the preparation according to the above (1 ). wherein the polymer o, lactic acid has a dispersity of about 1 .2 to 
about 4.0; 

(6) the preparation according to the above (1 ), which is for injection; 

(7) the preparation according to the above (1). which further comprises an excipient; 

(8) the preparation according to the above (7). wherein the excipient is sugar; 

(9) the prepare according to the above (1). wherein the physically active substance is a physiological* 
active peptide; 

CO) the preparation according to the above (9). wherein the physically active peptide is a LHRH agonist or , 
so LHRH antagonist; 

(11)th eprepa,ationacco^ 

(Pyr)Glu-Ri-Trp-Ser-R2-R3-IU-Ar9-*ro-RS U> 

serein R1 represents His, Ty, Trp or P;N"£™ 
substituted D-type amino acid residue; R 4 represents Leu, lie or rsie, rig p 
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hydrogen or an alkyl group with or without hydroxy group or NH-R7 wherein R 7 is hydrogen, an alkyl group with 
or without amino or hydroxy group, or ureido, or a salt thereof; 

(1 2) the preparation according to the above (11 ), wherein the peptide represented by theformula (I) or a salt thereof 
5 is leuprorelin or leuprorelin acetate; 

(13) the preparation according to the above (1), wherein the physiologically active substance is contained in an 
amount of about 0.01 to about 50% (w/w); 

to (14) the preparation according to the above (1), wherein the ratio of the physiologically active substance relative 

to the polymer of lactic acid is about 0.01 to about 50% (w/w); 

<i5)thepreparatiohaccordingtotheabo^ 

the polymer of lactic acid has a weighMverage molecular weight of about 28.400 to about 47,800. and the prep- 
is aration releases leuprorelin acetate over a period of at least about 6 months; and • 

(1 6) method of producing a sustained-release preparation releasing a physiologically active substance over a 
period of at least about 5 months, which comprises subjecting to microencapsulation a w/o emuls.on with a solutron 
containing a physiologically active substance as an internal aqueous phase and with a solution containing a polymer 
20 of lactic acid having a weight-average molecular weight of about 25,000 to about 60,000 as an oil phase. 

DETAILED DESCRIPTION O P THE INVENTION 

In the present specification, regarding references to Veight-average molecular weight' and "dispersity', the 
25 present inventors intend that the former be measured in terms of polystyrene as determined by gel permeation chro- 
matography (GPC) using 9 polystyrenes as reference substances with weight^verage molecular weights of 120,000, 
52 000 22 000 9 200 5 050. 2.950. 1 ,050, 580 and 162, respectively, and that the latter be calculated therefrom. The 
above determination was carried out using a GPC column KFB04L (produced by Showa Denko, Japan)x2 and an Rl 
- monitor L-3300 (produced by Hitachi, Ltd., Japan), with chlorotorm as a mobile phase. 
30. ■ Regarding abbreviations for amino acids, protecting groups and others, abbreviations used .n the present speci- 
' fication are based on abbreviates specified by the IUPAC-IUB Commission on Biochemical Nomenclature or abbre- 
vv viations in common use in relevant fields. When an optical isomer may be present in ammo acid, it is of the L-conftg- 

uration, unless otherwise stated. 
9 ' • Abbreviations used in the present specification are defined as follows: 

3S «s, • 

NAcD2Nal : N-acetyl-D-3-(2-naphthyl)alanyl 

D4CIPhe: D-3-(4-chlorophenyl)alanyl 

D3Pal : D-3-(3-pyridyl)alanyl 

NMeTyr : N-methyltyrosyl 

40 DLys(Nic) ; D-(epsilon-N-nicotinoyl)lysyl 

Lys(Nisp) : (Epsilon-N-isopropyl)lysyl 

DhArg(Et 2 ): D-(N,N'-diethyl)homoarginyl 

The polymer of lactic acid used in the present invention is a biodegradable polymer which decomposes in a living 
« body over a period of at least about 5 months and has a free lerminal carboxyl group. The present polymer is a homopol- 

^^hL'weighTaverage molecular weight of the present polymer of lactic acid is about 25.000 to about 60,000, pref- 
erably about 27 000 to about 55.000, more preferably about 28.000 to about 50.000. Employment of these ranges o 
the weight-average molecular weight enables production of a sustained-release preparation showing a small initial 
so burst of drugs and a continuous zero order release of drugs. ^ 

The discersity (weight-average molecular weighVnumber-average molecular weight) of the polymer of lactic acd 
used in the present invention is preferably about 1 .2 to about 4.0, more preferably about 1 .5 to about 3.5 

The present polymer of lactic acid may be of theL-. D- or DL-configuration, with preference given to the ^-con- 
figuration Regarding the DL^onfiguration, the ratio of the D-configuration/L-configuration (mol %) is preferably about 
ss 75/25 to about 20/80, more preferably about 60/4* to about 25/75, still more preferably about 55/45 to about 25/75 
The polymer of lactic acid used in the present invention is prelerably produced by hydrolyzing a starting polylactic 
acid produced by ring-opening reaction of a cyclic dimer of lactic acid and polymerization. 

The starting polylactic acid produced by the ring-opening reaction and polymerization is a polymer of a high mo- 
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public can be used. ^k^^ri-ratinn to obtain a DOlvmer of lactic acid used in 

HydralysB » ivm«B» conduced In » «*« **» "» "2 ™ „ m hy*olura». ooxano. dwnyl ethar «>d 

« *ww** a*"^ b » co *S3Si m Scad «*> ma » pay".' « »*> 

preferably Irom aboul 10 hours to about 6 days. nolumerization provides a sustained-release preparation with 

^^^^^^ 

dissohring the hydrolyzed polylact,c ac.d ,n an ^ precipitated po^mer of lactic acid, 

solution of water and a water-solub.e organs solvent and JJJJJ^^ as dic ; iorom ethana, chloroform, chlo- 
Examples of the organic solver* include hatoganatoc such as acetone; ethers such as tetrahy- 
roethane, dichloroethane, trichloroethane and cobon aromatjo nydrocar bons such as 

1rom about 20 to about 70°C. ftlimination o1 water-soluble low-molecular compounds, lor in- 

a reduced initial burst. oroduced bv ringopening polymerization, a polymer of lactic 

Further, by hydrolyzing and ref.n,ng a ^"^jJJ^ to used^the ripening polymerization 
acid is produced which is substantfclly 1 ree ,ncn a £^£j£25i such as tin (I.) octanate. 
^ ffr^S.iS3L for use in » present invent inciude, but are not 
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to, wM. "TO-"" ■V^°^£Z££ ZeLtor.. hypcunaM dluraKa, enndiabaliea, so»W"- 

sr^^«-" = rrr J "™ — 

■won »l"9"»« P""~»' s and a £!"™ ££m d 2 o. mom =n*» acids and havhg ■ ™*"*» 
by the formula: 

(Pyr )Glu-Ri-Trp-Ser-Ra-R3-»4-Arg-Pro-Rs ( *> 

wherein R, represents His, Tyr, Trp or p-NH 2 -Phe J — ^^^^^S^^ 5 
etilutedD-typear™^^ 

group with or without hydroxy group) or NH-R 7 (R 7 » hydrogen, an ainyi y y 

m«* «h,l. propyl. MOT* ^^^Z^^ iTp^m CD] acid a*. (..». cobonao. 

Peptide (I) is preferably one of the following formulae (a) to (j). 

(a) leuprorelin [a peptide represented by ,the formu.a (I, wherein R, is His, R, is Tyr. R 3 is D-Leu. R, is Leu, and 
R 5 is NHCH 2 -CH 3 ]; 
• (b) Gonadrelin 



35 ■ 



40 



l.-Trp-Ser-TrfH;i7-te»-A» : »- , - ,r6 - C1 *-"" 2 



(German Patent No. 221 3737); 
(c) Buserelin 



45 C(CH3)3 

0 



n 

rT^^CO-Bie-l 



50 /^X^ co . Bl ,-Trp-Sef-Trr-«H-CB-CO.L.u-Ar9-Fro-ini-ai2-CB3 
a 

(US Patent No. 4024248. German Paten, No. 2438352. Japanese Patent Unexamined Pub.ication No 

55 41359/1976); 

(d) Triptorolin 
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a 

(US Patent No. 4010125. Japanese Patent Unexamined Publication No. 31073/1977); 
(e) Goserelin 



: 



C(CB3)3 

0 

I 

CHa 



n so-Bis-Trp-Ssr-lyt-mi-ai-CO-Utt-Xri-Pro-WH-: 
H 

(US Patent No. 4100274. Japanese Patent Unexamined Publication No! 136172/1977); 
(f)Nafarelin 

0 -^I^N»-Bi«-Trp-Ser-T*xHra<S^ 

K at 




(US Patent No. 4234571. Japanese Patent Unexamined Publication Nos. 164663/1980. 264498/1988 and 

25794/1989; 
(g) Histrelin 



-O 

■ — c 



CH 2 



B 

(h) Deslorelin 



-Bl»-Trp-S«r~l 



B 



(US Patent Nos. 4669967 and 4218439); 
(i) Meterelin 
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(WO9118016); 
(j) Lecirelin 



■ 

(Belgium Patent No. 397455, Japanese Patent Unexamined Pubncat.cn No. 59654, 9B4). 
^tide<l)orasa,ttbereot^^^^^ 

^^oTrtHSS'anta^.ts inc.ude those disced in US Patent Nos. 4.086.219. 4,24.577, 4.253.997 
and 4^15. or a peptide represented by the tormula: 



CBa a 2 Si ?" ( " aU 

xcBaco-wa-CB-co-m-ca-co-.* 01 co ™ • (D > 

(0) (D) 0 



ira-a 

I 



40 ca(ca 3 >2 

CB2 < C "2 )4 A ?* 3 (II) 

M .iB-co-wi-ca-co-ii-ai.co-«-C8-co-M2 

(D) 



45 



so 



ss 



tinoyl or N.N'-diethylamidino; B represents .sopropyl or n.in a y 

□raealtthereof. te trahydroturylcarboxamide, more pref erably (ZSHetrahydroluryl- 

(.1) can be used as such optical ^SSSSy acceptable salt Such salts include salts formed with 

The salt of peptide (II) is preferab* a , P^^jEZw organic acids (e.g.. carbonic acid, bicarbonic ac.d 
inorganic acids (e.g.. hydrochloric acd s ^^X *M) ™ £> ^preferab.y; the sattof peptide (..) is a. a« formed 
sucXc acid, acetic acid, propionic acd, **%£*Z*£^^ acid, propionic acid, trifluoroacetic acd). 

S^p^^ 
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Preterable examples of peptide (II) or a salt thereof are the following formulae (1) to (4). 
(D 

Leu-Lys{Niap)-Pro-DAlaNH2 



< 2 > 

l^J^KHCH a COD2Nal-D4ClPhe-D3Pal-S«r-NHeTyr-DLys ( Nic J - 
Leur^y»(Niap)-Pro-DAlaNH2-m (CH3COOH) 

20 wherein m represents a real number of 1 to 3. 

(3) NAcD2Nal-D4CIPhe-D3Pal-Ser-Tyr-DhArg(Et 2 )-Leu-hArg(Et 2 )-Pro-DAIaNH 2 

(4) NAcD2Nal-D4CIPhe-D3Pal-Ser-Tyr-DhArg(Et 2 )-Leu-hArg(Et 2 )-Pro-DAIaNH 2 .n(CH 3 COOH) 

. wherein n represents a real number of 1 to 3. 
25 The above formulae (2) and (4) show either salts or solvates. 

Peptide (I I) or a salt thereof is more preferably (1 ) or (2) above, which are especially preferably S-isomers. Hereafter 
the S-isomer of the above (1 ) are referred to as peptide Al. , 

Peptide (II) or a salt thereof can be produced by per se known methods. Such methods include the methods 
described in Japanese Patent Unexamined Publication No. 101695/1 991 (EP-A 41 3209) and the Journal of Medicinal 
30 Chemistry, Vol. 35, p. 3942 (1 992) and other publications, and similar methods. 

Examples of physiologically active peptides suitable for use in this invention further include insulin, somatostatin, 
somatostatin derivative (Sandostatin; see US Patent.Nos. 4,0B7,390, 4,093,574, 4,100,117 and 4,253,998), growth 
hormones, prolactin, adrenocorticotropic hormone (ACTH), ACTH derivatives (e.g., ebiratide), melanocyte-stimulating 
hormone (MSH), thyrotropin -releasing hormone [represented by the structural formula: (Pyr)Glu-His-ProNH 2 , herein- 
36 after also referred to as TRH] and salts and derivatives thereof (see Japanese Patent Unexamined Publication Nos. 
1 21 273/1 975 and 1 1 6465/1 977), thyroid-stimulating hormone (TSH). luteinizing hormone (LH). follicle-stimulating hor- 
mone (FSH), vasopressin, vasopressin derivative [desmopressin, see Folia Endocrinologica Japonica, Vol. 54, No. 5, 
pp. 676-691* (1978)], oxytocin, calcitonin, parathyroid hormone (PTH), glucagon, gastrin, secretin, pancreozymin, 
cholecystokinin, angiotensin, human placental lactogen, human chorionic gonadotropin (HCG), enkephalin, enkephalin 
40 derivatives (see US Patent No. 4,277,394 and European Patent Publication No. 31567), endorphin, kyotorphin, inter- 
ferons (e.g., a-, p-arid -^interferons), interleukins (e.g., 1. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12), tuftsin, thymopoietin, 
thymosin, thymostimulin, thymic humoral factor (THF), blood thymic factor (FTS) and derivative thereof (see US Patent 
No. 4,229,438), other thymic factors [Igaku no Ayumi. Vol. 125, No, 10, pp. 835-843 (1983)], tumor necrosis factor 
(TNF), colony-stimulating factors (e.g., CSF, GCSF, GMCSF, MCSF), motilin, dynorphin, bombesin, neurotensin, caer- 
45 ulein, bradykinin, urokinase, asparaginase, kallikrein, substance P, insulin-like growth factors (IGF-I, IGF-II), nerve 
growth factor (NGF), cell growth factors (e.g., EGF. TGF-a, TGF-p, PDGF, acidic FGF, basic FGF), bone morphogenic 
factor (BMP), nerve nutrition factors (e.g., NT-3, NT-4, CNTF, GDNF, BDNF), blood coagulation factors VIII and IX, 
lysozyme chloride, polymixin B, colistin, gramicidin, bacitracin, erythropoietin (EPO), thrombopoietin (TPO), and en- 
dothelin-antagonistic peptides (see European Patent Publication Nos. 436189, 457195 and 496452, and Japanese 
so Patent Unexamined Publication Nos. 94692/1991 and 130299/1991 ). 

Examples of the antibiotics include gentamicin, dibekacin, kanendomycin, lividomycin, tobramycin, amikacin, tra- 
diomycin, sisomycin, tetracycline hydrochloride, oxytetracycline hydrochloride, rolitetracycline, doxycycline hydrochlo- 
ride, ampicillin, piperacillin, ticarcillin, cefalothin, cefaloridine. cefotiam, cefsulodin, cefmenoxime, cefmetazole, cefazo- 
lin, cefotaxime, cefoperazon, ceftizoxime, mochisalactam, thienamycin, sulfazecin and aztreonam. 
55 ' Examples of the antitumor agents include bleomycin, methotrexate, actinomycin D, mitomycin C, binblastin sulfate, 
bincrystin sulfate, daunorubicin, adriamycin, neocartinostatin, cytosinearabinoside, fluorouracil, tetrahydrof uryl-5-fluor- 
ouracil, krestin, picibanil, lentinan, levamisole, bestatin, azimexon, glycyrmizin, polyl:C ( polyArU and polylCLC. 

Examples of the antipyretic agents, analgesics and anti-inflammatory agents Include salicylic acid, sulpyrine, 
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flufer^acid.dic^i^^ 

Examples of the antitussive ^^J^^^^xb, allocramide hydrochloride, clofedanol hy- 
""t^SE^^ chlomromazine. prochlorperazine, trifluoperazine, atropine suHate and meth- 

' , ^ .^nutoin sthosuximide, acetazolamide sodium and chlordiazepoxide. 

Examples of the antiepilept.es '^^^S^S^S histidine hydrochloride. 

a " d ESS"- » ^hyp.**"* mi- ™" 1— « — • —* dB0S "" 6 ' Ck """ e ' ** 

brate and bezafibrate: „Hiiim 

Examples of the hormones .nclude pred onizotonej pnao d methimaZ oi e . 

organic acids such as carbonic ac.d and succ.mc acid. «#wn ^the pnys™ 9 y meta|s 8(jch g8 sodmm 

2K an amino 9 rou P . Employed 36 ^hylamine. and basic amino 

and potassium, salts formed wrth organic taw. «^**?°Jn2 has an acidic group such as a carboxy group, 
adds such as arginine, W hen the ^^^^S^^^ cA the present invention is preferabty 
The physio.ogica.ty active antagonists. The physio.ogica.ty act-ve 

a physiologically active peptide, more preferably "J^JfSembly the peptide (I) or a salt thereof. . 
Substance is still more preferably LH-RH agonists, especial* ^suM^etease preparation varies depending 
though the content o, «****^^ action^ duration of the action, it 

onthekindofphysiologfcal^a^ 

ranges, for instance, from aboutO Ol „ J limte d as long as it contains fine parfc.es (,e., 

55 m,:^ one phys.ogfca, act. 
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stance cores in each particle, small particles m vvhichaphysiolog^llyactWeeubstarKGinamolecularfo^isdissolved 

aveSeCeturwSt o^bou?28,400 to about 47,800. and the preparation releases leuproreHn acetate over a 

Per ? s tfaSd\e^7eCiion of the present invents can be produced by subjecting to microencapsulation a 
/ ^StSTSSSS!^ a physiologically active substance as an internal aqueous phase and with a 

ma ,h«rt » ohase seDaration method, a spray drying method, or an analogous method thereto. 

met A w/o SsioTwJa so" tion contltog a physiotogica^ active substance as an '^ma. aqueous p^ and 

w«h action contatoing a polymer of lactic acid of the present invention as an o,l phase .s produced, for example, 

88 a^vsfoTogically active substance is dissolved in water in the concentration of about 0.001 to about 90% (w/ 
^ T^SZSoo to about 80% (w/w) to yield an internal aqueous phase. In this internal aqueous phase, a 
2L P 2SSS fiance eLmSeTby geTa J., agar, sodium alginate. po.yvinyl alcohol or a basic amino acid such 
9 ;lT e and .vstn maX added for the purpose of increasing an entrapment ratio of the physiotogicaliy act,ve 
J T,~ ^ B m icrocaosulJs ^amount of the drug-retaining substance added is normally about 0.01 to about 

IZ ance ThT oVug-TaWng substance may be previously dissolved to optionally chosen concentrat.ons together 
w«h *the phy?to to gica.ty active substance and filtered through a sterilizing filter, then f reeze<Jried and stored, and <to- 

^JSSKISI. preparation of the present invention, an entrapment ratio of a physiologically active sub- 
stance is sSs aSo^ enough even when a drug-retaining substance is not used in an interna, aqueow , phase. 

^e inCaTaqLus phase may be supplemented with a pH regulator for retaining stab.lity orsolubilrty of a phys- 
Uto^^SSZ™. such as cartel acid, acetic acid, oxalic acid, citric acid, phosphoric acd hydrochloric 
2d silmXdrS arginine, *sine or a salt thereof. In addrtion. as stabilizers for the phys»tog«ally act,ve sub- 
stanceTbumin gelatin, trehalose citric acid, sodium ethylenediaminetetraacetate. dextr>n. cyclodextnn («-. p-. and 
v tand a deSive The eof (e.g.. ma.tosyl pxyclodextrin, p-cyclodextrin sulfobutyl ether), sodium hydrogen su frte, 
- pofeylene glycol, surfactants such as P?^S^^^^S5^ 
Tween 80 Tween 60- Kao. Japan) and polyoxyethylene castor oil denvatives (e.g. HCO-60. HCO-70, N.kko Chermcate 
lrpan)^o^blnzoates (e g methyl paraben, propyl paraben). benzyl alcohol, chlorobutano.. th.merosa., etc., may 

bS Eternal aqueous phase thus obtained and a solution (oil phase) containing a polymer of lactic acid are mixed 
nhtain a mixture which is then subjected to emulsification to yield a w/o emulsran. 
a1 The Totton ^ phase) containing a polymer of lactic acid, a solution may be employed that .s prepared by 
dissotnc ^thVpolymer of lactic acid in an organic solvent. Any organic solvent serves th.s purpose as long as ,t has 
SSSS. than about 120'C, is hydrophobic and dissolves a potymer of lact.c «d Examples ^ such 
orSnic solvent include halogenated hydrocarbons (e.g.. dichloromethane. chloroform, chtoroethane ^chloroethane 
SoroeTane carbon tetrachlorkJe), "fatty acid esters (e.g.. ethyl acetate butyl acetate). , at 
lop opyl ether and aromatic hydrocarbons (e.g.. benzene, toluene, xylene). Two or more of * e K 8e / r 9 a " ,C n S e °^ n ' s 
may oe used WcTmbination at appropriate ratios. The organic solvent is preferably halogenafed hydrocarbons, espe- 

Cia ^tT^^^ the kind and molecular weigh, of the polymer of lactic acid and the kinc I oT organs 
solvit usS'he polymer concentration in the organic solvent solution is normally about 0.01 to about 90% (w/w), 

Pre, STheT^e of fh^Stibility with an interna, aqueous phase, attribution o, an organic solvent into 

an exlema*a P qTer s phase, 'volatilization and the like, a hydrophilic organic sotvent such as ethand, 

ZTZ Ue^ahydrofSran may be added in an oil phase partially. Further, for the purpose o dissolution or 

o an vernal physiologically active substance, surfactants such as sucrose fatty acd esters may be added^ An oil 

^t^bES^SU "sed after staring or dust-cleaning M tor , wHh ^^^StZ 

stability of a polymer of lactic acid, a solution containing a polymer of lactic acd may be stored m a closed contamer 

8t ^^Z'ZT^Z^Zmcn containing a phyeto.ofltoa.ty act^e substance and an organic ^sojvent 
solutton c^maSing a po.ymer of lactic acid is normally about 0.1 to about 1 000 parts by weight, preferably about 1 to 
«SuM0^arts bVweight of the tetter per part by weight of the former. Although varymg dependrng on the , kind of 
onvstotootoaS used, desired pharmacological action, duration of actton and c*her factors, the ratto 

KSsSK S«e substance to poiymer of lactic acid is norma.ty about 0.01 to about 50% (w/w). preferably 
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25 



about 0 5 to about 40% (w/w), and espeoia^ P^J^^SS^ — ™ th °? 2e * 
and an uttrasonication method. . . . „ ac ^ &nce „ ^ by degree o1 emulsffi^tton 

'For producing microspheres by the phase se pa rabon . £^ " ° , of lactic acid. Any coacervatmg agent can 
• emuSon P S>e the emulsion is stirred, »P»^££ JSlSK miscib.e with the solvent for . p*n~rf 
W V.. L used, as long as it is a polymery m-nera. oj o vegetans ^ Exarnples of such coacervatmg agente 
• ^ic acid and that does not dissolve a polymer of P coconut oil , linse ed oil, mineral o.l, n-hexane and 

«f iha nozzle include, lor instance, a two-fluid nozzie iyp«. h . t evera! timee repeatedly to remove a 

water to further remove an organic solvent __y se consisting of one hydrophobic organ* 

Also, when a physiologically active subsume dMOhfM etnyl acet ate. cyclohexane)anda 

solvent (e.g.. dichloromethane, chloroform, 6iC ^ X ^ n ^Te\onme), or 2) in an dl phase cc^.st.ng of a po^mer 
Sstone hydrophobic organic solvent (e.g., "f^^^J^S b y adding at least one eurtactant (e.g., glycerol 
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mer (Eudragit, produced by Rohm <*«"W <J«™^ tertrate carbonate and potassium carbonate. 

room temperature _ 6USteine d-mlea6e preparation comprising an excipient is produced by, for instance, 

In the present invention a susiainea re e« . k m-water drying method, phase separation 

admixing w«h an ^Pf'^^^^^X T^dSfunder ^'pressure after washing, or 

drying method is produced. ■ MmorlBino an excipient is preferably produced by washing microcapsules ob- 
A sustained-release prepararion ^"^^'JShiSr J J j metnod; dispQrs j„ g waS hed micro- 

" "T^mTthc^ • temperature (Tg) of a polymer 

or spray drying method are heated to al ™J~™^ , _ microcapsule particles, lo remove water and an 

employed as a base ^^^J^^SSS^l £££2 case' the organic solvent is preferably 
, Z^~^^^ *L about SOC ppm, more preferably .ess than 

100 Sg-ass transition temperature » defied as the intermediate ^^^J±^^ mmmmm 
scanning calorimeter (DSC) when the temperature is increased at a rate of 10 or 20 C per minute. 
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- to temperature whtah isabout 30'C higherthan the * ^ the glas8 , ransl ,jon temperature, 

temperature of the polymer to "W«™^*££^ZSL amount 2 treated microcapsules and the like. 

The heating time ie also dependent on ^ » iaa ^^^^ out , 2 to about 96 hours, after microcapsules 
General howler. It is about 6 »*-«^C5rS of the heating time M**"*™" 
themselves have reached a specific tempera J^*""*" than a permissible amount, it is preferable that heating is 
as long as the residual organic solvent or wate n ^^SSliTS more than a permissible amount since rrncro- 
Wished immediately after the res* '-^2E^^. p^2^ between micmcapsules or a toad of accumu- 
capsules are softened and then deformed bMHHfi W"" , as8 transitton temperature, 

^ed microcapsules under the temperature conditions of not bwm ag m j croca psules are uniformly heated is 
"^tSSS method is not m^™* £g ^2? S wSch heat.g and drytog is conducted 

POsW.ee (e.g.. recta. "PP^^^XJSS* in common use for pharmaceutical production. 
re^rX^ 

onizinq agent (e.g., sodium chloride, glucose, D-mannrtol ^°„?L (e g benzyl alcohol, benzalkonium chlor.de. 
To HcSo. LUmethylcellulose. ^.^"^^T^to^) «c. Examp,esoftheoi.y disper- 
■r phenol), a soothing agent (e.g.. glucose cate corn oil, and middleman tatty acid glycendes ■ 
5art include olive oil. sesame oil. P™*£H^cfi£?2a pre-filled syringe. Ateo. dispersants and micrccap- 
The injectable preparation may be loaded nto t . chamo m Do^^chamber Pre-filled Syringe (DPS) 

insertion or an appropriate dispersant at the time of use. sucrose _ starch) , a dis - 

' Toml prepa'raL can be produced by for ^^^^Vrabic, carboxymethytee.lu.ose. polyvi- 
integrating agent (e.g.. starch. stearate, po^ethy.ene gtyco. 6000) to the 

nylpyrroltoone, hydroxypropylcellulose) or a Unrt e.* £*. ™& fo|(owed by t0 mask the taste 

above-descr^ 

and dyes such as titanium oxide and red iron ox.de . nasal preparation can be produced 

bo A nasal preparation may be solid, sem.-solid or Iflwd-™ ^Ec ry stalline cellulose), a thickening agent (e.g., 
normal by addSng an excipient (e.g.. glucose. ^tt££ESLt« mtorocapsu.es and mixtog them 

robutanol'benzalkonium chloride) etc. serT ,i^olid or liquid. The suppository is produced normally by 
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acids [eg cacao fat Witepsol-series products (Dynamite Nobel Company, Germany)], moderate fatty acids [e.g., 
MIGLYOL-eeries products (Dynamite Nobel Company, Germany)], and vegetable oils (e.g., sesame oil, soybean oil. 
cottonseed oil) Examples of the aqueous bases include polyethylene glycols and propylene glycol. Examples of the 
aqueous gel bases include natural rubbers, cellulose derivatives, vinyl polymers and acrylic acid polymers. 

s A sustained-release preparation of the present invention is preferably used in the form of an injectable preparation. 

The particle diameter ol fine particles such as microcapsules in an injectable preparation is chosen over the range 
in which the requirements concerning the dispersibility and needle passability are met when a sustained-release prep- 
aration of the present invention is an injectable preparation. For example, mean diameter falls within the range Irom 
about 1 to about 300 urn, preferably about 5 to about 100 urn. ■ * 

10 A sustained-release preparation of the present invention is of low toxicity and can be administered saf ely to mam- 

mals (e g , mice, rats, dogs, cats, sheep, swine, horses, bovines, monkeys, humans). 

. Although varying depending on the kind and content of the physiologically active substance, duration of a physi- 
ologically active substance release, subject species, and purpose of administration, the dose of a sustained-release 
preparation may be set at any level, as long as the active ingredient Is effective. When a sustained-release preparation 

ts of the present invention is administered to humans, the dose of the preparation per administration can be chosen as 
appropriate over the range from about 1 mg to about 10 g. preferably from about 10 mg to about 2 g per adult (weight 
50 kg) When the sustained-release preparation is an injectable preparation, the volume o1 a suspension can be chosen 
as appropriate over the range from about 0.1 to about 5 ml, preferably from about 0.5 to about 3 ml. 
. Especially when a physiologically active substance is leuprorelin or leuproreiin acetate, a sustained-release prep- 

20 aration of the present invention is useful tor hormone-dependent diseases such as prostatic cancer, prostatic hyper- 
trophy breast cancer, endometriosis, myoma of the uterus, and neurogenic precocious puberty, and contraception. 

The dose of the sustained-release preparation per administration for one month in terms of a physiologically active 
substance ranges, for instance, from about 1 .88 to about 7.5 mg per adult (body weight 50 kg). For instance, in a 
sustained-release preparation intended for 6 months release, the dose of leuprorelin or leuprorelin acetate per admin- 

25 istration ranges Irom about 11.3 to about 45 mg, the dose of the sustained-release preparation per administration 
ranges from about 75 to about BOO mg. ' * * ' : j • 

When a sustained-release preparation of the present invention is administered to a domestic animal (e.g.. dogs, 
cats sheep, swine; horses, bovines, monkeys) for the purpose of contraception or softening of meat, the dose of the 
preparation is set by determining clearance of a subject animal species. For instance, the subject animal species is a 

30 dog the dose of a sustained-release preparation per administration for one month in terms of a physiologically active 
substance ranges, for instance, from about 0.03 to about 1 .5 mg/kg. For instance, in a sustained-release preparation 
r - intended for 6 months release, the dose of a physiologically active substance per administration ranges from about 
0. 1 8 to about 9 mg/kg, the dose of the sustained-release preparation per administration ranges from about 1 .2 to about 

35 2 °°The k present invention is hereinafter described in more detail by means ol the following Reference Examples. 
Examples Comparative Examples and Experimental Examples, which are not to be construed as limitative, as long 
as they fall within the scope of the present invention. Unless otherwise specified, % (percent) below means % by weight. 

Reference Example 1 * 

1 0 g of DL-polylactic acid having a weight-average molecular weight of 79,900 which is produced by ring-opening 
polymerization (RESORMER, R206, Lot No. 211 967, produced by Boehringer Ingelheim, Germany)(hereafter referred 
to as Polymer F) was hydrolyzed by soaking it in 400 ml of a solution wherein DL-lactic acid was diluted with distilled 
water 1/50 or 1/100 (w/w) limes (respectively pH 2 09, pH 2.27) at 60°C. < 

45 ■ • Next the hydrolyzed polylactic acid was collected from the resultant mixture, which was dissolved in 500 ml of 
dichloromethane respectively and then washed three times with 1 ,000 ml of distilled water for 30 minutes respectively 
to remove water-soluble oligomers. An organic solvent phase was laid on glass laboratory dishes to evaporate dichlo- 
romethane andthen dried for one day at 40*C under reduced pressure. Before the organic solvent phase were solidified 
completely, polymer of lactic acid was foamed by adjusting the degree of vacuum to enlarge the volume ol the polymer 

so of lactic acid and then promote evaporation of dichloromethane. The foamed substance obtained was pulverized to 
yield polymers shown in Table 1 . 



Table 1 



Lactic acid conc.(w/w) 


Hydrolyzation time (day) 


Weight-average molecular weight 


Yield <%) 


Polymer 


[ 1/50 


2 


47.800 _ 


. 96.6 


A 


1/100 


3 


• ; - 31,200 


82.7 


B 
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Reference Example 2 

ln the same manneras in Reference Examp.e V Poiymer F was hydro^zed toyie« poiymers shown in Tab** 
Lactic ^idconc.fwM) | H ydrolyzation time (day) 



1/50 - 



1/50 



Table 2 

Weight-average molecular weight 



1.1 



1.2 



69,200 



62,300 



Yield (%) 



Polymer 



Example 1 ^ . 

Microspheres shown in Tab.e 3 were produced by an in-water drying method using various powers obta,ned in 

Relerence Example 1 . T m ^k^a in 1 ml of distilled water. 16 the obtained solution was added 

Namely. 550 mg of leuprorelin acetate was . (to^ i^Tiiofc^ in dichloromethane, which was 
a solution wherein 4 g of a P^.^^^^S homogenizer (Polytron, produced by 

subjected to emulsification under st.rr.ng ^ ^^•J ToluZn wis cooled to 1«, which was added to 1,000 
Kinematica, Switzerland) to yield a w/o ^W*^ aUhe same temperature, followed by emul- 

ml of a 0.25% polyvinyl alcohol (PVA) -j^^ *00 rpm) to yield a w/o/w emulsion. This w/ 

situation with a homomixer 0**^ nLospheres were sieved with a 

o/w emulsion was gently stirred for about 3 hours to remove so. . obtained precipitate was washed 

74 pin sieve to remove coarse partic.es and the " after redispersion with a small 

; three times with distilled water to remove a free dm , .;; - ; 

amount of water. . . 

Table 3 " ' 



35 



40 



45 



Dichloromethane amount (ml) 



10.0 



10.0 



Cooling temperature^) 



13 



Yield(%) 



B6.6 
87.5 



A 



Comparative Example 1 \ 

?*03, U»No. 16004, product ^^""^J^TTEgS by Taki Ka^u. J*») 
Polymer H'). 

Table 4 



so 



55 



Pnlymer I Dichloromethane amount (ml) 



12.5 
12.5 
7.5 
10.0 
10.0 



Cooling temperature(°C) 



14 
"~13~ 
"lo" 
10 
10 



Yield(%) 



73.4 
66.6 
78.2 
65.7 
69.2 



Microsphere 



H 
IT 
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Example 2 



6 g of leuprorelin acetate is dissolved in 1 0 ml of distilled water. To the obtained solution is added 1 90 g of a solution 
which is prepared by dissolving in dichloromethane 44 g of Polymer B produced in Reference Example 1 and then 
filtering which is subjected to emulsification under stirring for about 8 minutes with an autominimixer (rotation rate: 
6,000 rpm) to yield a w/o emulsion. This w/o emulsion is cooled to about 1 3°C. which is added to 12 L of a 0.1% PVA 
aqueous solution previously cooled at the same temperature, followed by emulsification with a homomiclineflow (Tokus- 
yu Kika. Japan)(rotation rate: about 7,000 rpm) to yield a w/o/w emulsion.. This w/o/w emulsion is gently stirred for 
about 3 hours to remove solvents. The obtained microspheres are collected and washed in the same manner as in 
Example 1, lollowed by redispersion with a small amount of water. 6.4 g of D-mannitol is dissolved in the obtained 
dispersion, which is sieved and freeze-dried. A rack temperature while drying is gradually increased and drying is 
conducted finally at 53°C for 48 hours. The obtained dry preparation is sieved and pulverized to yield microsphere 
powders. This operation yields about 48 g of microsphere powders containing about 1 5% of mannitol. _ f 



Example 3 



4 g of peptide Al acetate is dissolved in 6 ml of distilled water. To the obtained solution is added 1 1 0 g of a solution 
which is prepared by dissolving in dichloromethane 30 g of Polymer B produced in Reference Example 1 and then 
filtering which is subjected to stirring emulsification for about 5 minutes with an autominimixer (rotation rate: 6,000 
rpm) to yield a w/o emulsion. This w/o emulsion is cooled to about 1 3°C, which is added to 7 Lot a 0.1 % PVA aqueous 
solution previously cooled at the same temperature. Then, the same procedure in Example 2 except that the amount 
of D-mannitol is changed to 4.3 g is conducted to yield microsphere powders.^This operation yields about 33 g of 
microsphere powders containing about 1 5% of mannitol. .... 



Example 4 

7 5 g of somatostatin is dissolved in 1 3 mi of distilled water. To the obtained solution is added a solution which is 
prepared by dissolving in 250 ml of dichloromethane 100 g of Polymer A produced in Reference Example 1 and then 
filtering which is subjected to stirring emulsification for about 5 minutes with an autominimixer (rotation rate: 6,000 
rpm) to yield a w/o emulsion. This w/o emulsion is cooled to about 14'C, which is added to 25 L of a 0.1% PVA aqueous 
solution previously cooled at the same temperature. Then, the same procedure in Example 2 except that a drying 
condition is changed to finally at 54'C for 24 hours is conducted to yield microsphere powders. This operation yields 
about 100 g of microsphere powders containing about 15% of mannitol. 

Examples 

2 g of h-GH (human growth hormone) and 2 g of arginine are dissolved in 5 ml of distilled water. To the obtained 
solution is added a solution which is prepared by dissolving in 96 g of dichloromethane 30 g of Polymer B produced 
in Reference Example 1 and then filtering, which is subjected to emulsification under stirring for about 5 minutes with 
an autominimixer (rotation rale: 6,000 rpm) to yield a w/o emulsion. This w/o emulsion is cooled to about 1 3°C, which 
is added to 3 L of a 0 1% PVA aqueous solution previously cooled at the same temperature. Then, the same procedure 
in Example 2 except that the amount of D-mannitol is changed to 4 g and that a drying condition is changed to finally 
at 52°C for 24 hours is conducted to yield microsphere powders. This operation yields about 30 g of microsphere 
powders containing about 1 5% of mannitol. 



Example 6 

Microspheres produced in Example 1 (2.97 mg as a drug)were dispersed in a 0.5 ml of dispersion medium (an 
aqueous solution containing 1 % carboxymethylcellulose sodium, 0.5% Tween 80) to produce an injectable preparation. 

Comparative Example 2 

Microspheres produced in Comparative Example 1 (2.97 mg as a drug)were dispersed in a 0.5 ml of dispersion 
medium (an aqueous solution containing 1 % carboxymethylcellulose sodium. 0.5% Tween 80) to produce an injectable 
preparation. 
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experimental Example 1 

. Water-soluble oligomer {free acid) contents in polymers produced in Reference Example 1 and polylactic acid on 
the which is produced by ripening pohymerization and not ^^^T^i ™Z 

* -ducted by weighing accurately about 150 m, , of each po^mer * 

solvinoT^ shaking and extracting the obtained solution wrth 10 ml of distiHed water for 10 

Ses centrCaS the obtained mixture for 8 minutes at 3.000 rpm. sampling 2.5 ml of the obtained aqueous 
^MmmZZL. Phase with a 1 mM aqueous solution of sodium hydroxide using phenol red as an indicator 

ofao^ 

when a free acid is not leas than 0.1% (Pharmaceutical Research, 11,(8) 1143-1147 (1994)). 



55 



Polymer 


A 


B 


C 


F 


G 


H 


Free acid contents (%) 


0.026 


0.025 


0.025 


0.043 


0.059 


0.035 



As is clear from Table 5] free acid contents in polymers obtained in Reference Example 1 showed lower values 
than free acid contents in polylactic acid on the market. 



Experimental Example 2 \ . .! 

Glass transition temperatures (Tg) of Polymers A to H and H' were, determined. The results are shown in Table 6. 



r-=> 



Polymer » - 


A 


B 


C 


D 


E 


F 


G 


H 


H' 


Glass transition temperature ( D C) 


47^4 


47.3 


44.0 


49.7 


36.6 


50.5 


43.3 


41.4 


39.5 



Experimental Example 3 - , r ; - " 

GlasVtransrtion temperatures (Tg)! drug contents and entrapment ratios of microspheres produced in Example 1 
and Comparative Example 1 were determined. The results are shown in Table 7. - 



Microsphere 


Glass transition temperature (°C) 


Drug content (%) 


Entrapment ratio (%) 


■;■ -«A »■ 


v . 52.0 '«■' ' * ' : * 


11.3 


• 93.5 


. B 


.51.4 


11.3 


93.5 . 


D. • 


•52.4 


10.1 


, . 83.6 • 


E 


52.3 


11.1 


' 91.8 


• .L G :-. « 


■~t 47.3 


9.7 ... 


80.2 - • 


' H " " 


■• 49.6 ' 


* ; 7.7 


63.7 " 


H' 


50.0. 


8.4 


69.5 



As is clear Irom Table 7. microspheres produced by using polymers wherein polylact.c ac.d produced by nng- 
^en^n o oo vmeSon is no hydrolyzed (Powers G and H) and a polymer which is obta.ned by wash.ng Polymer 

h^S^SS^ H * na s * owed ,ow drug con,ents and or,,rapment ra,ios - A,so ' 88 ,s 

the above-described Tables 3 and 4, yields ol these microspheres were low. ' . 

FuLrrroSh ies produced by using a polymer having a molecular weight ot more than 60.000 ,m*t , pc y- 
mers wherein polylactic add produced by ringopening polymerization was hydrolyzed (Polymere D and E) (M,cro- 
"pheres randp^owed relatively tow entrapment ratio. Also, as is clear from the above descnbed Tables 3 and 4. 
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yields of these microspheres were low. 

In polymers wherein hydrofyzation is not conducted, there exist a large number of cyclic polymers and a small 
number of polylactic acid having a terminal carboxyl group. Therefore, in microspheres produced by using such poly- 
mers, an entrapment ratio is considered to decrease since interaction between a polymer and a drug is weak, and an 
s entrapment effect of drug particles by a polymer is small- 
Further, when a molecular weight of a polymer increases, the ratio of hydrophillc carboxyl groups to hydrophobic 
groups in a polymer decrease. Therefore, also in microspheres produced by using such a polymer, an entrapment 
effect of drug particles by a polymer gets smaller, and an entrapment ratio is considered to decrease. 
l Therefore, in order to incorporate a drug in microspheres preferably, the presence of carboxyl groups having a 
to suitable ratio to hydrophobic alkyl groups is considered to be necessary in a terminal ol a polymer chain. 

Experimental Example 4 

The injectable preparation produced in Example 6 and Comparative Example 2 was administered to rats subcu- 
is taneously [dose: 2.97 mg/rat (30 u.g/kg/day) as a drug, n=5]. Then a drug (leuprorelin acetate) remaining subcutane- 
ously was determined with the passage of time to evaluate drug-release properties. The results are shown in Table 6. 



— Table B l- 



20 



2S 



Time (week) 


Drug remaining ratio (%) ± standard error 


Microsphere A 


Microsphere B 


Microsphere D 


Microsphere E 


0.000 


100.0 


100.0 


100.0 


100.0 1 


0.143 


82.5±0.5 


90.9±0.6 


58.7±2.0 


r 56.4±1.0 . 


1.000 


81.5±1.1 


84.8±0.6 


55.3±0.6 


55.0±0.4 


4.000 


62.3±0.8 


84.7±1.3 


50.1 ±0.9 




8.000 


56.6±0.9 


75.2±0.8 


26.3±3.5 


39.7±1.9 


13.000 


48.4±2.7 


53.7±1.8 


21.9±1 .8 


21.0±1.9 


17.000 • 


34.2±1;3 


38.B±1.4 u 


12.7±0.5 


9.9±1.1 


21 .000 


33.3±2.5 


31.7±2.0 


9.5±1.9 


8.5±1.6 


26.000 


20.2±0.B 


17.0±0.B 


9.1±1.1 




30.000 ' 


17.3±1.1 


6.9±0.5' 







As is clear from Table B, microspheres of the present invention (Microspheres A and B) showed a small initial burst 
and subsequently an almost continuous zero order release of a drug over a long period of about 6 months. On the 
contrary, Microspheres D and E released almost whole amount of a drug at 17 weeks and showed substantially no 
40 subsequent release as well as showing a large initial burst, although polylactic acid having a large molecular weight 
and being slow in biodegradability was employed. 

By employing a polymer according to the present invention, a sustained-release preparation (especially micro- 
spheres) having a high drug entrapment ratio and drug content with a small initial burst can be produced in a high 
yield. Further, a polymer of the present invention is high in safety since it is substantially tree from a poisonous catalyst 
45 and organic solvent 

A sustained-release preparation of the present invention has a good dispersibility and is excellent in workability. 
Also, the sustained-release preparation is excellent in a storage stability and can be stored for a long time. Additionally, 
a sustained-release preparation of the present invention shows an almost continuous zero order release ot a physio- 
logically active substance over a long period ol at least about 5 months. 

so 

Claims 

t Sustained-release preparation comprising 1) a polymer of lactic acid having a weight-average molecular weight 
55 of about 25,000 to about 60,000 and 2) a physiologically active substance, and which releases the physiologically 

active substance over a period of at least about 5 months. 
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2. The preparation according to claim 1 , wherein the polymer of lactic acid is obtained by hydrolyzing a polylaclic 
acid produced by ring-opening polymerization. 

3. The preparation according to claim 1 , wherein the polymer of lactic acid is substantially free from a catalyst. 

4. The preparation according to claim 1 , wherein the polymer of lactic acid has a weight-average molecular weight 
o1 about 30,000 to about 50,000. 

5. The preparation according to claim 1 , wherein the polymer of lactic acid has a dispersity of about 1 .2 to about 4.0. 

6. The preparation according to claim 1 , which is for injection. 

7. The preparation according to claim 1 , which further comprises an excipient. 

8. The preparation according to claim 7, wherein the excipient is 6ugar. 

9. The preparation according to claim 1 , wherein the physiologically active substance is a physiologically active pep- 
tide. 

10. The preparation according to claim 9, wherein the physiologically active peptide is a LHRH agonist or a LHRH 
antagonist. 

11. The preparation according to claim 10, wherein the LHRH agonist is a peptide represented by the formula: 



wherein R t represents His, Tyr, Trp or p-NH 2 -Phe; R 2 represents Tyr or Phe; R 3 represents Gly or an optionally 
substituted D-type amino acid residue; R 4 represents Leu, He or Nie; Rg represents Gly-NH-Re wherein Rg is 
hydrogen or an alky! group with or without hydroxy group or NH-R 7 wherein R 7 is hydrogen, an alkyl group with 
or without amino or hydroxy group, or ureido, or a salt thereof. 

12. The preparation according to claim 11, wherein the peptide represented by the formula (I) or a salt thereof is 
leuprorelin or leuprorelin acetate. 

13. The preparation according to claim 1, wherein the physiologically active substance is contained in an amount of 
about 0.01 to about 50% (w/w). 

14. The preparation according to claim 1 , wherein the ratio of the physiologically active substance relative to the pol- 
ymer of lactic acid is about 0.01 to about 50% (w/w). 

15. The preparation according to claim 1 , wherein the physiologically active substance is leuprorelin acetate, the pol- 
' ymer of lactic acid has a weight-average molecular weight of about 28,400 to about 47,800, and the preparation 

releases leuprorelin acetate over a, period of at least about 6 months. 

16. Method of producing a sustained-release preparation releasing a physiologically active substance over a period 
of at least about 5 months, which comprises subjecting to microencapsulation a w/o emulsion with a solution 
containing a physiologically active substance as an internal aqueous phase and with a solution containing a polymer 
of lactic acid having a weight-average molecular weight of about 25,000 to about 60,000 as an oil phase. 

17. Use of a polymer ol lactic acid having a weight-average molecular weight of about 25,000 to about 60,000 for the 
manufacture of a sustained-release preparation releasing a physiologically active substance over a period of at 
least about 5 months. 



(Pyr )Glu-Ri-Trp-Ser-IU-R3-R4-Arg-Pro-RS 



(I) 
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